Frame-mounted tissue valves for mitral replacement were first used in our departnent in April I969 (Ionescu and Ross, I969) . The technique evolved because ofdissatisfaction with mechanical prostheses (Duvoisin et al., I968; Mashhour et al., I969; Starr, Herr, and Wood, I967) . Advances in operative techniques and better designed valve substitutes have improved the results of mitral replacement (Beall et al., 1972; Behrendt and Austen, I973; Oxman et al., I972; Winter et al., I972; Zerbini, 1973) . Mortality rates and the incidence of certain complications, however, are still related to the amount of preoperative cardiac or pulmonary disability (McGoon et al., I973; Nichols et al., I972) , the type of lesion (Behrendt and Austen, I973) , and the kind of valve substitute used (Cleland and Molloy, 1973; Hylen, 1972; Roberts, Bulkley, and Morrow, I973; Wiliams et al., 1971) .
Reports of in vitro hydraulic studies (Swales et al., I973) , the progress of in vivo haemodynamic values (Ionescu et al., I974) , the assessment of valve performance by echocardiography (Mary et Received iI March 975. 1 This work was supported by the British Heart Foundation. al., MO74b), the incidence of clinical postoperative complications, and the histopathological fate of mitral stented tissue valves (Ionescu et al., I974) have been published.
We report here our five years' experience of isolated mitral replacement with stented fascia lata and pericardial valves.
Patients and methods
From April I969 to November 1973 mitral replacement with stented tissue valves was undertaken in 103 patients, of whom 45 were men and 58 women. Their ages (Table I ) ranged between 9 and 68 years with a mean (± SEM) of 44.5± +I years. The mean ages of patients with mitral stenosis (46 years) and mixed valve disease (44 years) were essentially the same as each other (P > 0.3) but lower (P <0.05 and P <o.ooi, respectively) than that of the patients with pure mitral incompetence (55 years). In 88 patients (85.4%) the appearance of the mitral valve at operation was compatible with a previous rheumatic valvulitis. The aetiology of the mitral valve lesions is shown in Table 2 .
The preoperative cardiac disability, assessed according to the New York Heart Association (N.Y.H.A.) classification, was as follows: 20 patients in grade II (I9.4%), 69 in grade III (67%), and 14 in grade IV (13.6%). The duration of the disability ranged between two weeks and eight years. In four patients N.Y.H.A. grading was (Table 3) . Concomitant aortic and tricuspid valve lesions are shown in Table 3 .
Cardiothoracic ratio
The cardiothoracic ratio (CTR) was measured from chest radiographs taken within a fortnight before opera- (Berkson and Gage, 1950) .
In infective endocarditis the dividing line of 45 days between early and late was used. It has been shown, however, that infection may remain dormant for weeks or months before becoming clinically evident (Edwards, 1973; Sande et al., I972) . Systemic thromboembolism refers to any neurological deficit or systemic vascular occlusion occurring after the immediate postoperative period or, alternatively, when a thrombus was detected in the left atrium at reoperation. Emboli due to infective endocarditis are detailed elsewhere, and those occurring as a result of heart-lung bypass accidents were not included. Tissue valve failure refers to mascroscopic pathological alterations in the valve tissue leading to its malfunction. In two instances of tissue valve dysfunction the tissue appeared unaltered and incompetence was due to technical faults in the construction of the valve.
In order to assess the occurrence of systolic murmurs of mitral origin when associated tricuspid and aortic valve lesions were present the opinions of several observers were considered in addition to phonocardiographic evidence of the quality of the murmurs. The findings were then correlated with the results of left ventriculography. Clinically, however, all these apical systolic murmurs were labelled mitral.
Standard statistical formulae were used.
Results Nearly all the patients were aged 3I to 6o years, the biggest single group having an age range of 41 to 50 (Table i) . This distribution was influenced by the 37 patients who had previously had one or two closed mitral valvotomies. Most of the patients with pure mitral incompetence had degenerative changes of the valve and, as expected, were older than the other patients (Caves, Sutton, and Paneth, 1973; Pomerance, 1972) .
Early deaths Fifteen patients (I4.6%) died between the first and the 40th postoperative days (average i6.8 days). A II26 Mary, Pakrashi Catchpole, and Ionescu post-mortem examination was performed on 14. Two-thirds of the early deaths were due to cardiac causes (Table 6 ).
There was no significant association between death and the type of tissue valve used, but death was related to the amount of preoperative cardiac disability. A significant statistical relationship was found between the early mortality rate and patients who were in grade IV NYHA as compared with those in grade III (P < 0.02) and grade II (P < 0.05), and patients in whom the preoperative cardiac index was below i.6 1/min per m2 as compared to (P <0.02 Infective endocarditis Beta-haemolytic and non-haemolytic streptococcal endocarditis occurred during the first postoperative month in two patients (I.9%). One had been reoperated on for excessive bleeding. Both died of uncontrollable infection. Five other patients (5.6%) developed endocarditis 2 tO 25 months postoperatively. One, who had a coliform bacillus endocarditis, had a persistent thigh wound. In another, coliform organisms were grown from the homologous fascia used for valve construction. In the remaining three patients no organisms were grown. Four patients died, three after prosthetic replacement of the affected valve and one after medical treatment alone. One survived replacement with a prosthesis.
Infective endocarditis therefore had a statistically significant relationship to early and late postoperative mortality. Most of the cases occurred before the introduction of the new policy of bacteriological monitoring and prophylaxis (Freeman, I974) and were not related to the type of tissue valve used.
Valve failure Six patients developed tissue valve failure. Significant incompetence was detected at periods ranging from immediately to six months after operation (mean 3.2 months). The valves were replaced with ball valve prostheses after I0 to 38 months (mean 25 months). Three patients died after reoperation (Table 6 ) and the other three are alive and have a grade I disability (NYHA). Valve failure occurred only in the autologous fascial series. Technical faults in the construction of two homologous fascial valves occurred within the first month of the use of this type of tissue. Regurgitation became obvious shortly after the operation. In both patients the valves were replaced and both are now well. The technical aspect of this complication has been reported (Ionescu et 
al., I974).
Postoperative clinical state Seventy patients with tissue valves were followed for periods of 8 to 6o months (mean 37 months).
Of these, 56 (8o%) are now in grade I (NYHA), I3 (i8.6%) in grade II, and one is in grade III (Fig. 3) Rastelli, Kincaid, and Kirklin, 1966) . In mitral valve replacement, however, the changes in the CTR depend on the type of the original mitral lesion (Gotsman et al., I967; Morrow et al., 1967) and the presence of associated valve disease (Gotsman et al., I967) . Furthermore, the amount of myocardial damage affects the cardiac size (Turner, I968) .
Left ventriculography showed mitral regurgitation in nine out of 13 (Mary et al., I974a) and is similar to that of others (Aston and Mulder, I97I; Behrendt and Austen, I973; Starr, I97I) .
The introduction of new designs of prosthetic valves has reduced the early and late complications encountered with the earlier models (Bjork, 1970; Bonchek et al., 1974; Pluth, Broadbent, and Danielson, I973) . A similar trend has been reported with tissue valves, which have been in use for a shorter time (Lennox et (Bonchek et al., 1974; Graham et al., I97I; Isomi et al., I972: Lennox et al., I97I; McEnany, Ross, and Yates, 1972; Nichols et al., I972; Oh et al., 1973; Pluth et al., I973; Winter et al., I972; Yacoub et al., 1972) . The late mortality rate in our series (I3.6%) compares favourably with these reported figures. Actuarially the survival rate in other series with a comparable follow up ranges from 73 tO 91 per cent (Nichols et al., 1972; Talavlikar et al., 1973) and is s-imilar to that in our series (82.2%) .
No deaths in our series were attributed to thromboembolism. All the episodes occurred within a month of operation. Early postoperative thromboembolism has been attributed to advanced heart disease; cardiac dilatation and low cardiac output;
obstruction to blood flow; atrial fibrillation; and surgical trauma inflicted on the left atrial endocardium, especially near the valve ring (Davila et al., I966; Roberts and Morrow, I966; Yeh et al., I967 ). All our patients had advanced preoperative cardiac disability, an increased CTR, and most remained in atrial fibrillation after their operation. Like others (Cleland and Molloy, I973) , however, we found no significant statistical relationship to these factors in our cases of thromboembolism. I130 Mary, Pakrashi, Catchpole, and Ionescu Unlike other recent series of prosthetic or tissue valve replacement (Graham et al., I97I; Isom et al., 1972; McEnany et al., 1972; The causes of tissue valve failure have been discussed before (Ionescu et al., 1974 ). McEnany et al. (1972 believed that failure of autologous fascial valves in the mitral position in their cases was due to the unsuitability of a three-cusp valve in the atrioventricular annulus. The two posterior cusps thickened and shrunk owing to a relative lack of diastolic mobility and were therefore subjected to a more severe and irregular stress than the anterior cusp, which, as in a natural mitral valve, maintained a better diastolic mobility. Echocardiographic evidence in our patients has shown that-at least two cusps, the anterior and one posterior moved in a similar fashion during ventricular diastole (Mary et Mitral reflux could not be demonstrated in our series when there was no apical systolic murmur. Apical or parasternal early systolic and ejection type murmurs seemed to occur whether or not there was angiocardiographic evidence of mitral regurgitation (Zerbini, I973) . A 'low grade systolic murmur' has been noted in patients with tissue valves in the absence of demonstrable regurgitation (Puig et al., I972) . Possibly turbulence created by the supporting struts of the valve projecting into the left ventricle (Morrow et al., I964) may cause these systolic murmurs, which occur when there is no associated valve disease or angiocardiographic evidence of mitral incompetence (Willerson et al., I972) . Obviously labelling all systolic murmurs in our patients as mitral in origin has overestimated the incidence of postoperative mitral regurgitation.
The improvement in cardiac disability in our patients is comparable to that seen in other series of cases (Bonchek et al., I974) .
Our study has shown, therefore, that the patient's age and the amount of preoperative cardiac disability are contributory factors in early mortality after mitral valve replacement. Late mortality in our series was related to high preoperative pulmonary artery pressure, postoperative infective endocarditis, and tissue valve-related complications.
The merit of tissue valves in that they reduce thromboembolic and anticoagulant complications is balanced by the expected durability of prosthetic valves of recent design. The lower incidence of mitral systolic murmurs and incompetence associated with homologous fascial and pericardial valves has encouraged their use in preference to autologous fascial valves, with which there is a high incidence of failure and regurgitation. Though the results with homologous fascial valves are good the tissue is difficult to procure and the long-term fate of formaldehyde-treated biological tissue is uncertain (Ionescu et al., I972) . Calf pericardium, on the other hand, is easily available, its properties are more suitable for valve construction than fascia lata (Ionescu et al., I974) , and glutaraldehyde seems to produce permanent cross-linkages which enhance tissue durability (Carpentier and Dubost, I972) . A controlled prospective trial to compare the results from tissue valves with those from recent, cloth-covered prosthetic devices has been started. 
